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(57) ABSTRACT 

Systems and methods are described for implants with com- 
posite coatings to promote tissue in-growth and/or 
on-growth. An implant includes: a substrate; a structured 
surface formed on at least a portion of the substrate; and a 
biocompatible coating deposited on at least a fraction of the 
structured surface. The systems and methods provide advan- 
tages in that the implant has good biocompatibility while the 
biocompatible coating has good strength. 

36 Claims, 9 Drawing Sheets 
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6A 



S EM Micrograph of Group B at 300x after Electrochemical Test. 



6B 



SEM Micrograph of Group B at 700x after electrochemical test. 
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7C 



7D 



SEM micrographs of the Hayes CrCoMo sample after ASTM F746 
corrosion test exhibiting corrosion attacks. 
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IMPLANT WITH COMPOSITE COATING 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates generally to the field of in vivo 

implants. More particularly, preferred embodiments of the 
invention are directed to an orthopedic prosthesis having a 
composite coating to promote tissue in-growth and/or tissue 
on-growth. 

2. Discussion of the Related Art 

Prior art implants are known to those skilled in the art. For 
example, conventional implants are typically composed of 
stainless steel, cobalt-chrome, or titanium alloy. 

A problem with this technology has been that the best 
substrate materials are not the best materials to be in contact 
with living tissue. Therefore, what is required is a solution 
that can provide a biocompatible coating on a substrate. 

One approach in an attempt to solve the above-discussed 
problems involves simply coating an implant substrate with 
a biocompatible material. However, a disadvantage of this 
approach is that biocompatible materials are often soft or 
brittle. 

Another disadvantage of this approach has been relatively 
high cost and/or technical complexity. Therefore, what is 
also needed is a solution that meets the above-discussed 
requirements in a more simple and cost effective manner. 

Heretofore, the requirements of good substrate properties, 
and good coating properties referred to above have not been 
fully met in combination. What is needed is a solution that 
simultaneously addresses both of these requirements. 

SUMMARY OF THE INVENTION 

A primary object of the invention is to provide implants 
with a composite coating to promote tissue in-growth and/or 
tissue on-growth. Another primary object of the invention is 
to provide a composition that can used as the composite 
coating. Another primary object of the invention is to 
provide implants having a composite coating that is located 
only on surface areas of the implant that are to be fixed with 
tissue in-growth and/or on-growth for stability. Another 
primary object of the invention is to provide methods of 
making the orthopedic implant. 

In accordance with these objects, there is a particular need 
for an implant with a composite coating. Thus, it is rendered 
possible to simultaneously satisfy the above-discussed 
requirements of good substrate properties and good biocom- 
patible coating properties, which, in the case of the prior art, 
are mutually contradicting and cannot be easily satisfied. 

A first aspect of the invention is implemented in an 
embodiment that is based on an implant, comprising: a 
substrate; a structured surface defined by at least a portion of 
said substrate; and a biocompatible coating deposited on at 
least a fraction of said structured surface. A second aspect of 
the invention is implemented in an embodiment that is based 
on a composition for an implant, comprising: a biocompat- 
ible material coated on a structured surface defined by a 
substrate. A third aspect of the invention is implemented in 
an embodiment that is based on an implant, comprising: a 
substrate; a structured surface defined by a portion of said 
substrate; and a biocompatible coating deposited on at least 
a fraction of said structured surface, wherein said portion of 
said substrate is to be fixed with tissue in-growth and/or 
on-growth for stability. A fourth aspect of the invention is 
implemented in an embodiment that is based on a method of 
forming a composite coating, comprising: depositing a bio- 
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compatible coating on a structured surface defined by at 
least a portion of a surface area of a substrate. 

These, and other, objects and aspects of the invention will 
be better appreciated and understood when considered in 

5 conjunction with the following description and the accom- 
panying drawings. It should be understood, however, that 
the following description, while indicating preferred 
embodiments of the invention and numerous specific details 
thereof, is given by way of illustration and not of limitation. 

10 Many changes and modifications may be made within the 
scope of the invention without departing from the spirit 
thereof, and the invention includes all such modifications. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 A clear conception of the advantages and features con- 
stituting the invention, and of the components and operation 
of model systems provided with the invention, will become 
more readily apparent by referring to the exemplary, and 

2Q therefore nonlimiting, embodiments illustrated in the draw- 
ings accompanying and forming a part of this specification, 
wherein like reference characters (if they occur in more than 
one view) designate the same parts. It should be noted that 
the features illustrated in the drawings are not necessarily 

25 drawn to scale. 

FIG. 1 illustrates a schematic perspective view of an 
orthopedic implant, representing an embodiment of the 
invention. 

FIG. 2 illustrates a schematic perspective view of an 
30 orthopedic implant, representing an embodiment of the 
invention. 

FIGS. 3a-3f> illustrate micrograph views of a physical 
vapor deposited coating of titanium on a structured surface 
of cobalt -chrome alloy, representing an embodiment of the 
35 invention. 

FIG. 4 illustrates a schematic view of a coating on a 
porous structured surface, representing an embodiment of 
the invention. 

4Q FIG. 5 illustrates a schematic view of an apparatus and 

process for coating a structured surface, representing an 

embodiment of the invention. 

FIGS. 6a-6b illustrate scanning electron micrographs of 

a biocompatible coating on CoCrMo particles after an 
45 electrochemical test, representing an embodiment of the 

invention. 

FIGS. 7a-7d illustrate scanning electron micrographs of 
CoCrMo particles without the biocompatible coating after 
the electrochemical test, representing an embodiment of the 
50 invention. 

FIGS. 8a-&b illustrate SEM of CoCrMo particles without 
coating before test, representing an embodiment of the 
invention. 

55 DESCRIPTION OF PREFERRED 

EMBODIMENTS 

The invention and the various features and advantageous 
details thereof are explained more fully with reference to the 

60 nonlimiting embodiments that are illustrated in the accom- 
panying drawings and detailed in the following description. 
Descriptions of well known components and processing 
techniques are omitted so as not to unnecessarily obscure the 
invention in detail, 

65 The context of the invention is providing an implant to be 
positioned in vivo during surgery, especially orthopedic 
surgery to replace a joint, such as, for example, a knee joint 
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or a hip joint. Thus, the implant can be used in a method for Referring now to FIGS. 3a-3b, two images of a structured 

orthopedic surgery that includes surgically positioning the surface coated according to the invention are depicted, 

implant within a vertebrate in need thereof If bone growth is FIGS, 3a-3b are two images of the same sample acquired at 

facilitated, the implant can be termed part of an osteocon- different locations. FIG. 3a illustrates a coating 310 on a 

ductive process that includes contacting a bone under in vivo 5 structured surface 320 at an outermost location. The struc- 

conditions with the implant. * re surface fc . de 5? ed u ^ a &in ff la ^ r b * V ' ng 

, . , , - interconnected porosity. The thickness of the coating 310 is 

Referring to the drawings, a detailed description of pre- oxitnately 10 . 78 microns at this outermost location of 

ferred embodiments of the invention is provided wiUh ^ stmctured 320 nG 3b iUustrates the coating 

respect to FIGS^ 1 through 5 The invention is not limited to 31Q Qn ^ structured surface 320 at an kermost location . 

the specific embodiments illustrated in FIGS. 1-5. ™ ^ rf ^ fa approximately 2 Q microns at 

Referring now to FIG. 1, a component 110 of an artificial this i nnennost location of the structured surface 320. 

knee joint is depicted. The component 110 includes a Still referring to FIGS. 3a-3fc, a coating 310 is adhered to 

bearing surface 120 and a tissue fixation surface 130. The a structured surface 32 o. In this particular embodiment, the 

bearing surface 120 is for sliding. The tissue fixation surface coating no fe of a first ma terial that includes 

130 is for tissue in-growth and/or tissue on-growth. The titarmim . T^e miLtiDg & preferably a biocompatible coating, 

tissue fixation surface 130 can be a coating that is deposited Jn ih[& particular embodiment, the structured surface 320 is 

on at least a fraction of a structured surface that is defined de fi ne d by a second material that includes cobalt and 

by, or formed on, or composed by at least a portion of a chrome( In this particular embodiment, the structured sur- 

substrate. 2q f ace was conditioned by cathodic arc ion plating of titanium 

The substrate can be composed, or formed, of, for before the coating 310 was deposited using the same appa- 

example, carbon-composite, stainless steel, cobalt- ratus to e jf ect t he ion plating. In this particular 

chromium, titanium alloy, tantalum, and/or ceramic, and embodiment, the average thickness of the coating 310 is 

combinations thereof. The structured surface can be defined approximately 10.78 microns. If the structured surface 320 

by, or composed of, or formed of a material that includes a includes crevices and/or undercuts 330, the biocompatible 

plurality of particles that are sintered together to form a material that composes the coating 310 can coat the crevices 

continuous porous phase. Alternatively, the structured sur- and/or undercuts 330 in the structured surface, 

face can be prepared by at least one method selected from Jt can ^ advantageous if the biocompatible material 

the group consisting of flame spraying, acid etching, grit conforms to the crevices and/or undercuts and thereby 

blasting, casting-in, forging-in, laser texturing, and micro- 3Q defines a textured (e.g., rough) topology at the upper surface 

machining. of me biocompatible material. This is advantageous because 

The coating should be a biocompatible coating. The SU ch a topology gives tissue a better hold via tissue 

biocompatible coating can include one, or more, of titanium, in-growth and/or on-growth. Further, if there are pores in 

tantalum, carbon, calcium phosphate, zirconium, niobium, and/or beneath the structured surface the, biocompatible 

hafnium, hydroxyapatite, tissue in-growth and/or on-growth 35 material can coat the pores. It can be advantageous if the 

facilitating proteins, and combinations thereof If carbon is biocompatible material coats interconnected pores located 

used, it can optionally be diamond-like carbon, pyrolytic beneath the structured surface and thereby define voids 

carbon, amorphous diamond- like carbon, and combinations (pores) and/or interconnected pores in which tissue 

thereof. in-growth and/or on-growth can occur. 

It can be advantageous that the coating be more biocom- 40 The effect of cathodic arc ion plating with a high bias 

patible than the structured surface. Similarly, it can be voltage is to cause an intermixing of titanium into the 

advantageous that the coating be more biocompatible than cobalt-chrome substrate due to high ion energies. It can be 

the substrate. One aspect, albeit optional, of biocompatibii- appreciated that there is an inter-penetration of the coating 

ity is softness. It can be advantageous that the coating be material into the structured surface material between the 

softer than the structured surface. Similarly, it can be advan- 45 interface and the bulk of the material that composes the 

tageous that the coating be softer than the substrate. structured surface. Specifically, the amount of coating mate- 

Although the preferred embodiment shown in FIG. 1 rial that composes the substrate that defines the structured 

includes a coating located on specific portions of the surface decreases as the depth from the interface increases, 

substrate, it is within the level of ordinary skill in the art after When the bias voltage is increased, the inter-penetration 
having knowledge of the invention disclosed herein to coat 50 depth increases. The depth of this intermixing can range 

any surface(s) of the substrate. from approximately 0.5 nm to approximately 500 nm, 

Referring now to FIG. 2, an artificial hip joint is depicted. preferably approximately 50 nm to approximately 100 nm. 

The hip joint includes a femoral head 210 and distal portion When the bias voltage is sufficient, substantial inter- 

220. The femoral head 210 includes a joint motion surface penetration occurs. This result is advantageous because the 
230 for bearing and sliding. The distal portion 220 includes 55 inter-penetration improves the adhesion of the coating to the 

a taper connection 240, a tissue fixation surface 250, and a structured surface, thereby minimizing flaking, peeling, and 

distal stem 260. The tissue fixation surface 250 can be a other disruptions of the coating. This is very important for at 

coating that is deposited on at least a fraction of a structured least the following two reasons. First, the coating will be 

surface that is defined by, or formed on, or composed by at subject to tissue in-growth and/or on-growth and, therefore, 
least a portion of a substrate. As noted above, the coating 60 can be subject to dynamic loading from adjacent tissue 

should be a biocompatible coating. The biocompatible coat- structures, such as, for example, bones. By improving the 

ing can include multi-layers. These multi-layers can be adhesion, the coating is better able to withstand loading, 

nano-layers. Although the preferred embodiment shown in Second, the implant may be expected to remain in vivo for 

FIG. 2 includes the coating located on a specific portion of many years and it is highly desirable that all of the implant 
the substrate, it is within the level of ordinary skill in the art 65 remain fixed in place. By improving the adhesion of the 

after having knowledge of the invention disclosed herein to coating to the structured surface, the long term stability of 

coat any surface(s) of the substrate. the coating is enhanced. 
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Referring now to FIG. 4, a porous structured surface 410 on a substrate. A water cooled chamber 510 functions as an 
with a coating 420 is depicted. The coating 420 includes anode. A vacuum pump 520 and a conduit 530 for a neutral 
titanium and can be deposited via physical vapor deposition gas and a reactive gas are connected to the chamber 510. The 
with a gas, preferably an inert gas, such as, for example, chamber includes a plurality of evaporators 540 that func- 
argon and/or helium. It can be advantageous to use argon as 5 tion as cathodes. Each of the evaporators includes a source 
the gas because it is inert and has a relatively high atomic of a material 545 from which the coating is to be formed 
weight Significantly, the coating 420 covers portions of a (e.g., titanium). An arc power supply 550 can be connected 
structured surface defined by an interconnected pore 430 to each of the plurality of evaporators 540 (only a single 
that is hidden from line-of-sight deposition (i.e., the pore connection is shown in FIG. 5). Each of the evaporators 540 
430 cannot be seen from the point of view of the deposition 1Q can generate a plasma 560 that includes a high number of 
source). The structured surface is also defined by a plurality ions together with electrons and neutral vapor atoms. (It 
of particles covering a substrate 440 (i.e., the structured should be noted that the plasma 560 is represented scbe- 
surface is denned by the interface between the substrate 440 matically for clarity.) The plasma 560 impinges upon a 
and the plurality of particles). Nevertheless, the surface substrate 570 that is connected to a bias (-) power supply, 
defined by the interconnected pore 430 is coated and pro- g y increasing the bias, the ions are accelerated toward the 
vides an area for tissue in-growth and/or on-growth because 15 su bstrate more rapidly. The apparatus can also include one, 
an inert gas is present in the deposition chamber while the Qf more> structures to steer and/or filter the plasma such as, 
coating 420 is being applied. Although the preferred for example int ernal and/or external magnets, 
embodiment shown in FIG. 4 includes the gating of the nG ^ substrate 570 mdudes a 
surface defined by the interconnec f d P™^' |J n ^^ structured surface (not shown) onto which the coating can be 
the level of ^dmary s^l m 20 deposited. Portions of the substrate that are not to be coated 
of the invention disclosed herein to coat any undercut, or r . , A 
vertical, or line-of-sight hidden surface area. can be masked with a mask material that can be removed 
FIG. 4 demonstrates substantially improved results that after me deposition of the coating u . finished. In generate 
are unexpected. Specifically, the coating of internal pores coating can be formed by any thin film technique Thin film 
demonstrates the significant unexpected advantageous result 25 technique include physical vapor deposition and chemical 
that when an inert gas is present during the deposition vapor deposition, and combinations thereof, 
process, the coating is deposited on line-of-sight hidden Still referring to FIG. 5, the method of using the illustrated 
surfaces (e.g. interconnected pores). It can be appreciated apparatus begins by loading the substrate 570 into the 
that the structured surface 410 is coated because the exterior chamber 510. A vacuum is then created in the chamber 510 
of the particles appears rough. Normally, in the case of an 30 using the vacuum pump 520. A test for leaks is then 
uncoated particle, the perimeter would be smooth and more conducted. A conditioning and heating subprocess can then 
nearly circular. The roughness is the coating. This result is be performed. One reason to conduct this subprocess is to 
advantageous because it significantly improves adhesion of heat and remove any oxides from the structured surface, 
the surrounding tissue to the implant. Adhesion is signifi- This subprocess can be based on radiant heating. This 
cantly improved because tissue on-growth and/or in-growth 35 subprocess can also be based on glow discharge with a high 
can take place on undercuts, crevices, oil de sacs, conduits, bias voltage to effect an ion bombardment by a gas, or gas 
caves, tunnels, and interconnected pores that are hidden mixture. This subprocess can also be based on ion bombard- 
from line-of-sight deposition, thereby significantly improv- ment with the material from which the coating is to be 
ing the strength of the connection between the surrounding formed (e.g., titanium) with a high bias voltage (e.g., from 
tissue and the implant. The strength of the connection is 40 approximately 1000 to approximately 1500 volts). This 
significantly improved because the tissue grows into the latter technique causes an intermixing of the coating mate- 
undercuts, crevices, cul de sacs, conduits, caves, tunnels, rial (e.g., titanium) into the material that defines the struc- 
and interconnected pores creating a tissue structure that tured surface (e.g., CoCr). After the conclusion of the 
interlocks with the structured surface on a macroscopic subprocess, the coating is applied. The bias voltage is 
level. It can be advantageous if the coating covers a con- 45 lowered to deposit and build up the coating. By adding a gas, 
tinuous length of a void structure (e.g., undercuts, crevices, preferably an inert gas, such as, for example, argon or 
cul de sacs, conduits, caves, tunnels, interconnected pores, helium (most preferably argon), full coverage of undercuts 
etc.) that is open to adjacent tissue in at least two places. For and full coverage within pore structures can be obtained, 
example, if the tissue grows through a tunnel, the strength of While not being limited to any particular theory, it is 
the connection will be based not only on the interface 50 believed that the presence of the gas reduces the average 
adhesion between the wall of the tunnel and the tissue, but velocity and increases the scattering of the coating vapor as 
also on the inherent mechanical strength of the loop of tissue it moves from the cathode to the structured surface, thereby 
that is routed through the tunnel. allowing better migration of the coating vapor inside the 
The particular manufacturing process used for depositing undercuts, crevices, cul de sacs, conduits, caves, tunnels, 
the coating should be inexpensive and reproducible. 55 interconnected pores, etc., before the vapor is deposited (i.e., 
Conveniently, the deposition of the coating can be carried fixed) on the structured surface. This relationship may be 
out by using any vapor deposition method. Vapor deposition due to an increase in scattered vector components represent- 
methods include chemical vapor deposition (CVD) (e.g., ing the speed and direction of the vapor molecules due to 
plasma assisted CVD) and physical vapor deposition (PVD) collisions between the vapor molecules and the gas 
(e.g., arc evaporation, e-beam, molten pool, sputtering, eo molecules, with a corresponding decrease in the magnitude 
evaporative ion plating, and cathodic arc ion plating). It is of a primary vector representing the average speed and 
preferred that the process be a physical vapor deposition. For velocity of all the vapor molecules, 
the manufacturing operation, it is moreover an advantage to Still referring to FIG. 5, the process temperature can range 
employ an arc evaporation physical vapor deposition from approximately 500 to approximately 900 deg. F. The 
method. 65 operating pressure during radiant heating can range from 
FIG. 5 depicts an arc evaporation physical vapor deposi- approximately 1.0 millitorr to approximately 0.01 miHitorr. 
tion apparatus and method for coating a structured surface The operating pressure during the bombard phase (e.g., 
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titanium without any dampening gas) can range from 
approximately 10.0 millitorr to approximately 0.001 milli- 
torr. The operating pressure during the coating phase (e.g., 
titanium with optional dampening gas) can range from 
approximately less than 1 millitorr to approximately 100 
millitorr. The arc voltage can range from approximately 10 
to approximately 100 volts/evaporator. The bias voltage can 
range from approximately 1000 to approximately 1500 volts 
during bombardment, and from approximately 10 to 
approximately 500 volts during coating. 

However, the particular manufacturing process used for 
depositing the coating is not essential to the invention as 
long as it provides the described biocompatible coating. 
Normally those who make or use the invention will select 
the manufacturing process based upon tooling and energy 
requirements, the expected application requirements of the 
final product, and the demands of the overall manufacturing 
process. 

Referring now to FIGS. 6a-6b, scanning electron micro- 
graphs of a biocompatible coating including titanium on a 
structured surface defined by CoCrMo particles after an 
electrochemical test (ASTM F746) are depicted. FIG. 6a 
was acquired at x300. FIG. 6b was acquired at x700. 

Referring now to FIGS. la-Id, electron micrographs of a 
structured surface defined by CoCrMo particles without the 
biocompatible coating after the electrochemical test (ASTM 
F746) are depicted. FIG. lb was acquired at xl20. FIG. Id 
was acquired at x650. 

By comparing the results shown in FIGS, la-lb with the 
results shown in FIGS. 6a-6b, it can be appreciated that the 
biocompatible coating significantly inhibits corrosion. For 
example, FIGS. la-Id show significant evidence of inter- 
granular corrosion attacks while FIGS. 6a~6b do not show 
significant evidence of intergraoular corrosion attacks. 

Referring now to FIGS. Sa-8b, electron micrographs of a 
structured surface defined by CoCrMo particles without the 
biocompatible coating before the electrochemical test 
(ASTM F746) (i.e., before any corrosion test) are depicted. 
FIG. Ha was acquired at xl20. FIG. 8* was acquired at x600. 

The particular material used for the substrate should be 
strong. Some examples of substrate materials include ASTM 
F67, F75, F90, F136, F138, F560, F562, F620, F621, F799, 
F961, F1058, F1295, F1341, F1472, F1537, and F1586. 
These are all grades of titanium, CoCr, stainless steel, 
tantalum, or alloy(s) thereof It is preferred that the substrate 
material be a cobalt-chrome alloy. The substrate can be 
manufactured as a wrought, forged, or cast form. 

The particular material used to define the structured 
surface should also be strong. It is preferred that the material 
used to define the structured surface be the same as the 
material used for the substrate (e.g., cobalt-chrome). 
However, the material used to define the structured surface 
can be different and include any one or more of, for example, 
titanium, CoCr, stainless steel, and tantalum, or alloy(s) 
thereof The structured surface can be manufactured in 
various forms, including, but not limited to, sintered, flame 
sprayed, acid etched, grit blasted, cast-in, forged-in, laser 
textured, or micromachined form. For the manufacturing 
operation, it is an advantage to employ a partially sintered 
(porous) structure obtained by forming a layer of a mixture 
that contains a plurality of particles and a binder, and 
optionally a sacrificial filler. 

For non-interconnecting (nonporous) structures, the sur- 
face roughness (R fl or R 2 ) of the structured surface can range 
from approximately 100 to approximately 40,000 ^/inch, 
preferably from approximately 3,000 to approximately 
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30,000 /i/inch. When the structured surface is defined by a 
porous layer, the layer can have a thickness from approxi- 
mately 0.010 to 0.080 inch deep, preferably from approxi- 
mately 0.010 to 0.060 inch deep. In the case of porous 

5 structures, the pore sizes can be from approximately 50 to 
approximately 500 microns, preferably from approximately 
200 to 450 microns. 

The particular material used for the coating should be 
biocompatible and provide a suitable surface for tissue 

10 in-growth and/or on-growth. It is preferred that the coating 
be titanium. However, the coating can include one or more 
of, for example, titanium, tantalum, calcium phosphate, 
bydroxyapatite, and tissue in-growth and/or on-growth pro- 
moting proteins, or alloys thereof 

15 When the thickness of the coating is excessively thin, 
parts of the structured surface may not be covered. On the 
other hand, when the thickness of the coating is excessively 
high, the strength of the coating may go down due to 
residual, thermal induced stress. For the specific embodi- 

20 ment of pure titanium on a structured surface defined by a 
sintered plurality of particles with interconnected porosity, 
in the deepest region (e.g., bottom of the lowest pore), the 
minimum coating thickness can be approximately 1 micron. 
In the outermost region (e.g., top of tie highest particle), the 

25 maximum coating thickness can be approximately 20 
microns. 

However, the particular materials selected for coating and 
substrate are not essential to the invention, as long as they 

30 provide the described functions. Normally, those who make 
or use the invention will select the best commercially 
available materials based upon the economics of cost and 
availability, the expected specific application requirements 
of the final product, and the demands of the overall manu- 

35 facturing process. 

The disclosed embodiments show a continuous coating 
deposited in one or more zones across at least a portion of 
a structured surface as the structure for performing the 
function of facilitating tissue in-growth and/or on-growth. 

40 However, the structure for promoting tissue in-growth and/ 
or on-growth can be any other structure capable of perform- 
ing the function of achieving tissue adhesion, including, by 
way of example, a pattern such as an array of dots, or lines, 
or any other geometric pattern. 

45 While not being limited to any particular performance 
indicator or diagnostic identifier, preferred embodiments of 
the invention can be identified one at a time by testing for the 
presence of high adhesion between the coating and the 
structured surface. The test for the presence of high adhesion 

50 can be carried out without undue experimentation by the use 
of simple and conventional tribological and mechanical 
experiments. Among the other ways in which to seek 
embodiments having the attribute of high adhesion guidance 
toward the next preferred embodiment can be based on the 

55 presence of high coating coverage of undercut surfaces (e.g., 
hidden interconnected pores). The test for the presence of 
high coating coverage of undercut surfaces can be carried 
out without undue experimentation by the use of simple and 
conventional optical and/or electron microscope imaging 

60 techniques. 

Practical Applications of the Invention 

A practical application of the invention that has value 
within the technological arts is the fabrication of an implant 
65 for the replacement of a knee joint or a hip joint. Further, the 
invention is useful in conjunction with other implants (such 
as pins used for the purpose of joining bones), or the like. 
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There are virtually innumerable uses for the invention, all of 
which need not be detailed here. 

Advantages of the Invention 

An implant, representing an embodiment of the invention, 
can be cost effective and advantageous for at least the 
following reasons. The implants are simple and economical 
to implement. The implants have increased strength due to 
the structured surface being defined by a high strength 
material and better biocompatibility due to the use of 
materials for the coating that are more biocompatible than 
the substrate. A single implant can posses different surface 
areas that are individually optimized with i) some areas 
bearing tissue in-growth and/or on-growth composite 
coating, ii) some areas exhibiting the properties of the 
substrate materials), and iii) some areas bearing hard sur- 
faces formed by treatments, such as, for example, ion 
bombardment. 

All the disclosed embodiments of the invention described 
herein can be realized and practiced without undue experi- 
mentation. Although the best mode of carrying out the 
invention contemplated by the inventors is disclosed above, 
practice of the invention is not limited thereto. Accordingly, 
it will be appreciated by those skilled in the art that the 
invention may be practiced otherwise than as specifically 
described herein. 

For example, the individual components need not be 
formed in the disclosed shapes, or assembled in the dis- 
closed configuration, but could be provided in virtually any 
shape, and assembled in virtually any configuration. Further, 
the individual components need not be fabricated from the 
disclosed materials, but could be fabricated from virtually 
any suitable materials. Further, although the implant 
described herein is a physically separate module, it will be 
manifest that the implant may be integrated into additional 
apparatus with which it is associated. Furthermore, all the 
disclosed elements and features of each disclosed embodi- 
ment can be combined with, or substituted for, the disclosed 
elements and features of every other disclosed embodiment 
except where such elements or features are mutually exclu- 
sive. 

It will be manifest that various additions, modifications 
and rearrangements of the features of the invention may be 
made without deviating from the spirit and scope of the 
underlying inventive concept. It is intended that the scope of 
the invention as defined by the appended claims and their 
equivalents cover all such additions, modifications, and 
rearrangements. The appended claims are not to be inter- 
preted as including means-plus-function limitations, unless 
such a limitation is explicitly recited in a given claim using 
the phrase "means-for." Expedient embodiments of the 
invention are differentiated by the appended subclaims. 

What is claimed is: 

1. An implant, comprising: 

a substrate; 

a structured surface formed on at least a portion of said 
substrate; and 

an osteoconductive coating deposited on at least a fraction 
of said structured surface, 

wherein said osteoconductive coating is more biocompat- 
ible than at least one member selected from the group 
consisting of said structured surface and said substrate, 
and 

wherein said structured surface is defined by a material 
that includes a plurality of particles that are sintered 
together to form a continuous porous phase. 
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2. The implant of claim 1, wherein said osteoconductive 
coating is softer than said structured surface. 

3. The implant of claim 1, wherein said osteoconductive 
mating is softer than said substrate. 

5 f 4. The implant of claim 1, wherein said coating is formed 
( by a thin film technique^ 

5; lhe implant of claim 4, wherein said thin film tech- 
nique includes at least one deposition process selected from 
the group consisting of physical vapor deposition and 
10 chemical vapor deposition. 

6. The implant of claim 1, wherein said structured surface 
includes a plurality of undercuts and said osteoconductive 
coating coats said plurality of undercuts in said structured 
surface. 

15 7. The implant of claim 6, wherein said structured surface 
is porous and said osteoconductive coating coats intercon- 
nected pores beneath said structured surface. 

8. The implant of claim 1, wherein said substrate includes 
at least one material selected from the group consisting of 

20 carbon-composite, stainless steel, cobalt-chromium, tita- 
nium alloy, tantalum, and ceramic. 

9. The implant of claim 1, wherein said osteoconductive 
coating includes at least one material selected from the 
group consisting of titanium, tantalum, carbon, calcium 

25 phosphate, zirconium, niobium, hafnium, hydroxy apatite, 
and tissue in-growth and/or on-growth facilitating proteins. 

10. The implant of claim 1, wherein said osteoconductive 
coating includes multi-layers. 

11. The implant of claim 1, wherein said osteoconductive 
30 coating includes nano-layers. 

12. The implant of claim 1, wherein said implant is an 
orthopedic prosthesis. 

13. A composition for an implant, comprising: 

a biocompatible material coated on a structured surface 
35 defined by a substrate, wherein said structured surface 
either 

(i) includes a plurality of undercuts and said biocom- 
patible material coats said plurality of undercuts in 
said structured surface, or 
40 (ii) is porous and said biocompatible material coats 
interconnected pores beneath said structured surface, 
and 

wherein said structured surface is defined by a material 
that includes a plurality of particles that are sintered 
45 together to form a continuous porous phase. 

14. The composition of claim 13, wherein said biocom- 
patible coating is more biocompatible than said structured 
surface. 

15. The composition of claim 13, wherein said biocom- 
50 patible coating is more biocompatible than said substrate. 

16. The composition of claim 13, wherein said biocom- 
patible coating is softer than said structured surface. 

17. The composition of claim 13, wherein said biocom- 
patible coating is softer than said substrate. 

55 18. The composition of claim 13, wherein said coating is 
formed by a thin film technique. 

19. The composition of claim 18, wherein said thin film 
technique includes at least one deposition process selected 
from the group consisting of physical vapor deposition and 

60 chemical vapor deposition. 

20. The composition of claim 13, wherein said substrate 
includes at least one material selected from the group 
consisting of carbon -composite, stainless steel, cobalt- 
chromium, titanium alloy, tantalum, and ceramic. 

65 21. The composition of claim 13, wherein said biocom- 
patible coating includes at least one material selected from 
the group consisting of titanium, tantalum, carbon, calcium 
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phosphate, zirconium, niobium, hafnium, hydroxy apatite, 27. The implant of claim 25, wherein said biocompatible 

and tissue in-growth and/or on-growth facilitating proteins. coating is more biocompatible than said substrate. 

22. The composition of claim 13, wherein said biocom- 28. The implant of claim 25, wherein said biocompatible 
palible coating includes multi-layers. coating is softer than said structured surface. 

23. The composition of claim 13, wherein said biocom- 5 29. The implant of claim 25, wherein said biocompatible 
patible coating includes nano-layers. coating is softer than said substrate. 

24. An orthopedic implant, comprising said composition 30. The implant of claim 25, wherein said coating is 
of claim 13. formed by a thin film technique. 

25. An implant, comprising: 31. The implant of claim 30, wherein said thin film 
a substrate; 10 technique includes at least one deposition process selected 

a structured surface formed on a portion of said substrate; hom &e S rou P consisting of physical vapor deposition and 

anc j chemical vapor deposition. 

. * i , (I ( , , c 32. The implant of claim 25, wherein said substrate 

a biocompatible coating deposited on at least a fraction of ■ , . , i * * • i t . j c * L 

. j , > , _r r , » j a . includes at least one matenal selected from the group 
said structured surface, wherein said portion of said , P • e , . . , A , \ ,5 
r* j . A . 15 consisting or carbon-composite, stainless steel, cobalt- 
substrate is to be fixed with tissue in-growth and/or . • * *■* * — « . * i j 
on rowth for stabilit chromium, titanium alloy, tantalum, and ceramic. 

B y ' 33. The implant of claim 25, wherein said biocompatible 

wherein said structured surface either m ^ inc i udes at least one ma terial selected from the 

(i) includes a plurality of undercuts and said biocom- group consisting of titanium, tantalum, carbon, calcium 
patible material coats said plurality of undercuts in 20 phosphate, zirconium, niobium, hafnium, hydroxyapatite, 
said structured surface, or anc j m - gro wth and/or on-growth facilitating proteins. 

(ii) is porous and said biocompatible material coats 34. Th c implant 0 f claim 25, wherein said biocompatible 
interconnected pores beneath said structured surface, coating includes multi-layers. 

anc * 35. The implant of claim 25, wherein said biocompatible 

wherein said structured surface is defined by a material 25 coating includes nano-layers. 

that includes a plurality of particles that are sintered 36. The implant of claim 25, wherein said implant is an 

together to form a continuous porous phase. orthopedic prosthesis. 

26. The implant of claim 25, wherein said biocompatible 

coating is more biocompatible than said structured surface. ***** 
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